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I. BACKGROUND INFORMATION 





A. About the enzyme. Acetylcholinesterase (3,1,1,7-acetylcholine 
acetylhydrolase) catalyses the following reaction: 


—— ‘ os i 
CH N-CyCH2-O-C-CHy + H,0 —»CHy-N-CH,-CH,-OH #H-0-C-Ch, 


Cl, CH, | 
a cetylcholi ne +*Water Choline +Acetic Acid 





Acetylcholinesterase is a hydrolytic enzyme as it uses water to break 
acetylcholine, and is therefore in the same catagory as most of the digestive 
enzymes. This was ‘one of the primary reasons for the selection of the 
enzyme for this study. Results of this study might be applied with due 
restraint as a model for other hydrolytic digestive enzymes. — 


Acetylcholinesterase is thought to function primarily in the nervous 
system, Together with acetylcholine, it plays an important part in the 
transmission of impulses across the synapse, between neurons. 


Impulse transmission along the nervous system is both electrical and * 
chemical. Within the single neuron (nerve cell) the impulse is primarily ee 
electrical, but when the impulse reaches the end of the neuron it must cross 
a gap, called the synapse, in order to stimulate the next neuron and thus 
continue the transmission of the impulse. The first neuron cannot use its 
electrical impulse as it is too weak to cross even this small gap. The 
neuron must use a chemical system. 


It is thought that the first neuron secretes the chemical substance 
acetylcholine. This chemical can quickly diffuse across the Synapse, as 
the gap is small. When the acetylcholine reaches the second neuron on the 
other side of the synapse, the second neuron is stimulated and starts its 
own electrical impulse along the length of its cell. 


The enzyme acetylcholinesterase must be present in the Synapse or the 
acetylcholine secreted by the first neuron will continue to stimulate the 
second neuron and false electrical impulses will be created. In rack; 
physiologists have calculated that the acetylcholinesterase must complete 
the breakdown of the acetylcholine within 50 microseconds (.00005 seconds) 
to prevent these false impulses. 





Should an inhibitor slow down the action of acetylcholinesterase 
destroying the acetylcholine in the synapse beyond this 50 microseconds, 
the controlled functioning of the nervous system would be impossible and 
death would be the ultimate outcome. (This simulation uses amounts of 
acetylcholine greater than that found in the synapse, but keep in mind 
that any slowing of the acetylcholinesterase function is a threat to life.) 








Since high concentrations of acetylcholinesterase are found in nervous 
tissue, the enzyme is usually isolated from the electric eel. The enzyme 
has been isolated in a relatively pure state, but as yet no reliable deter- 
mination has been made of the enzyme's size or number of catalytic sites. 
Luckily these figures are not of critical importance for this study as long 
aS enzyme concentration is held constant during the set of experiments. 
Best estimates (as of 1969) hold the weight of the enzyme to be between 
230,000 and 1,000,000 amu, depending on the method of isolation. 





Much work has been done on acetylcholinesterase. This is due to the 
importance of the enzyme in nervous systems and also because it exhibits 
a phenomenon known as substrate inhibition. This means that at high 
acetylcholine concentrations the enzyme becomes less effective. This effect 
has been screened from this program by limiting the substrate concentration 
to a maximum of 3 millimolar concentration. When concentrations stay 
below this level, the enzyme is known to obey classical (Michaelis-Menten) 
kinetics. For this reason it is safe to use this program's behavior as a 
general, rather than a specific, case. 





B. About Lock and Key. The lock and key hypothesis was one of the first 
attempts to explain enzyme specificity. First expounded by Emil Fisher in 
1902, this model has served as the basis for most of the recent explanations 
of enzyme action. 


It was noticed quite early in enzyme investigations that a specific 
enzyme worked on a small range of similar compounds, and usually only worked 
on one best. The lock and key model attempted to explain this by picturing 
the enzyme as a key and the proper substrate as a lock. Only the substrate 
(or those substances sufficiently like the substrate) could fit onto the 
enzyme and thus be catalysed. This is pictured as below: 





CH — 2% 
HsC-N a Ot, ez 0} C = CH. 


ae Yip Ford : ELECTROSTATIC 


ATTRACTION: 


: 


Diagram 3.1. The Lock and Key Model. 








Today this rigid picture of the enzyme's catalytic site is not totally 
accepted and modifications have been made to allow the site to bend around 
the substrate. But the lock and key model of the catalytic site is good 
enough to permit understanding of many enzyme actions and is included in 


every potential biologist's background as his basis of understanding of 
the enzyme. 


This program simulates an investigation to determine something of the 
nature of the enzyme's active site (the location at which catalysis occurs). 


C. About Competitive Inhibition. Certain chemicals can alter the behavior 
of the enzyme. These chemicals that make the enzyme less effective are 
classified as inhibitors. In this experiment we are concerned with the 
class of inhibitors known as the competitive inhibitors. 


These chemical compounds compete with the natural substrate for the 
active site on the enzyme. The more the inhibitor resembles natural 
substrate (in this case, acetylcholine), the better it will fit onto 
the enzyme, and the better the job it will do in inhibiting the inter- 
action of the substrate and the enzyme. : 


In this program the student is given a set of inhibitors. By studying 
the effect of each inhibitor on the enzyme it is possible for certain 
deductions to be made about the active site on the enzyme. 


D. About the Millimole. The millimole is literally 1/1000th of a mole 
(or 6.02 x 1020 molecules). The biochemist often makes use of this measure, 
rather than the more conventional mole, since in many instances it allows 
him to use whole numbers. 


For the above reason, the millimole was selected as the standard of 
measure in LOCKEY. We are well aware that t' concept of the mole is 
beyond students that are without high school chemistry, but the term was 
introduced to add realism to the simulation. 


For student purposes it is enough if he understands that the millimole 
is a measure of a very small quantity o ten used by biochemists. Reality 
of the millimole can be increased by weighing out .06 grams of salt, which 
is equal to approximately 1 millimole of NaCl, and .25 grams of sucrose 
(table sugar), approximately 1 millimole of Cj 9H990 
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II. OPERATION OF LOCKEY 


Below are listed the meanings of the various inputs the student will be 
required to make. 


1. "AMOUNT OF ACETYLCHOLINE (FROM 0 TO 3 MILLIMOLES)" 
Acetylcholinesterase catalyses the following reaction: 


acetylcholine + water ——————> acetic acid + choline 





Acetylocholine is the natural substrate that must be present for the enzyme 
to work. The student can choose any number between 1 and 3. (It is 
sufficient for the student to understand that a millimole is a very small 
measure of amount, often used by biochemists in enzyme studies.) 


Any number from 1 to 3 millimoles will give meaningful results, as 
long as it is held constant throughout all of the student's experimental 
runs. 


2. "THE TYPE OF INHIBITOR (USE CODE FROM O TO 5)" 


3 The student has the choice of using any of five inhibitors listed 
5 S below OR of not using any inhibitor by inputting zero. (Structural formulas 
; can be found in the Student Material.) 





1 - ammonium NH 


2 - dimethylamine (CH,) NH, 


s 3 - methylamine CH.NH 

9 —- prostigmine (CH,) .N C_H,-0-C-CH., 

= : 5 -— trimethylamin (CH) NH 

2 seas 3°3 

The use of no inhibitor is important in the production of a control. 

Note: In a real test tube experiment, these inhibitors would be added as 
chloride salts. 

. @ | 3. "AMOUNT OF INHIBITOR (IN MILLIMOLES)" 


This will not appear if no inhibitor is sélected. 












Any positive number may be slected. The most appropriate number 
will vary according to: 


a) the amount of acetylcholine selected, 


b) the experimental approach selected by the student 


In general it is a good idea to select an amount of inhibitor that is 
at least 100 times greater than the amount of substrate. 


Output Format - The student can select either a table or a computer graph. 
Both formats will produce suitable data which will enable him to compile 
his results on a single graph. Amount of product (acetic acid) is placed 
on the vertical axis and time on the horizontal axis. 


The student can take two possible experimental approaches. (It might 
be useful to have your class divide into two groups, one for each approach, ) 


1. The student can select a certain amount of inhibitor and hold 
this constant throughout the investigation. He must then graph his results 
as product versus time and compare the results of each of the inhibitors 
versus the control in which no inhibitor was used. - 


2. Vary the amounts of each inhibitor until he slows the enzyme 
to one half its normal level (without inhibitor). This is very close to the 
I59 level that is commonly determined by biochemists when they want to 
evaluate the effectiveness of an inhibitor substance. I stands for the 
concentration of chemical necessary to inhibit 50%. If the student takes 
this approach all he need do is match the I5g values for the five inhibitors 
in order to determine the most effective. (The compound with the lowest Teo 
is the most effective.) 


Approach 1 uses less time on the machine and more time in graphing and 
reaching conclusions. | 


Approach 2 requires more time on machine but is much easier in terms 
of reaching a conclusion. | 
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ITI. SAMPLE RUNS 





These runs simulate a typical student's experiment. The results of 
these runs have been compiled in Graph 2.1, p.4, Section II. 


At higher inhibitor concentrations (for the same amount of acetyl- 
choline), the differences between inhibitors would be even more noticeable. 


LOCKEY= A COMPETITIVE INHIBITION STUDY OF THE ENZYME 
ACETYLCHOLINESTERASE FEATURING THE LOCK AND KEY HYPOTHESIS 


DO YOU WISH INSTRUCTIONS? (1=YES» O=NO)? O . - 
FAI ICR IG AIC I IO COO IK Ik kk 
AMOUNT OF ACETYLCHOLINE - FHOM 0 TO 3 MILLIMOLES? 2 


TYPE OF INHIBITOR - USE CODE FROM U TO 5? Q 
DATA FORMAT: 1=TABLEs 2=GRAPH TYPE NUMBER OF CHOICE? 1 





MINUTES ACETYLCHOLINE TOTAL ACETIC 
ELAPSED | REMAINING ACID PRODUCED 
O 2 VU 

el 1.72 2h 

e2 1-43 057 

e3 1-15 055 

4 05% 1-le 

°5 61 1.39 

°6 36 1-64 

7 e014 1-56 

0S U2 1-98 

oJ OQ 2 


THE REACTION HAS RUN TO COMPLETION 
CONCENTRATION OF INHIBITION REMAINING: UO MILLIMOLES 


| ANOTHER EAPERIMENT? (1=YESs O=NO)? 1 . 











Bee ie 2 2k ie kc 2k 2 2k 2 2 a 2s ake 2c ie he ie a 2 2 2 ais kc ko 2 i ie 2 2 2 oo a 2 oe ie ak 2 a 2g ke ke 2 ake oe 2s 2k 


AMOUNT OF ACETYLCHOLINE - FxHOM O TO 3 MILLIMOLES? 2 
TYPE OF INHIBITOR - USE CODE FrOM Uv TO 5? 1 

AMOUNT OF INHIBITOR IN MILLIMOLES? 100 

DATA FORMAT: 1=TABLEs 2=GRAPH? 1 


MINUTES ACETYLCHOLINE TOTAL ACETIC 
ELAP SED REMAINING ACID PRODUCED 
O 2 8) 

el le 72 e2h 

ee 1-44 °56 

e3 1-16 054 

04 064 Lele 

°5 °62 1236 

°6 e37 1263 

e7 °16 1264 

0 & e03 1.97 

oJ UO 2 


THE REACTION HAS RUN TO COMPLETION 

CONCENTRATION OF INHIBITIOR REMAINING: 100 MILLIMOLES 
ANOTHER EAPERIMENT? C1=YES» O=NO)? 1 

See as ed ok de a ae 
AMOUNT OF ACETYLCHOLINE = FROM O [0 3 MILLIMOLES? 2 
TYPE OF INHIBITOR - USE CODE FROM O TO 5? e2 


AMOUNT OF INHIBITOR IN MILLIMOLES? 100 
DATA FORMAT: I=TfABLEs 2=GHAPH? 2 


MINe MILLIMOLES ACETIC ACID PRODUCED 
3 0 ; : 
PE es Ve ee eS ee eer eS ere Se CP ee ere OSes Sees See Se! 

O I*x O 

el I * e223 

°2 I * e446 

e3 l * 26% 

A eee | * «39 

Ps eee | * 1eU0Y 

oe 1 * lee 

o7 I * 1Le44 

so =! * 1258 

°9 I * lel 

i I * 12% 

lel il * 1057 
1-2 I * LeY2 
1-3 I * 1695 
1-4 I * LeY7 
laS I * 169% 
1-6 I = * 1eYY 
l1e7 1 * 2 
THE REACTION HAS 8UN TO COMPLETION 


CONCENTRATION OF INHIBITION REMAINING: 100 MILLIMOLES 


ANOTHER EAPERIMENT? (C1=YES», O=NOQ)? 1 





SECC ORCI OR GI II GR A I aK a a a aK aK ak ak a 2k ak 2k ak ok ak = 


AMOUNT OF ACETYLCHOLINE - FROM O TO 3 MILLIMOLES? 2 
TYPE OF INHIBITOR - USE CODE FROM O TO 5? 3 

AMOUNT OF INHIBITOR IN MILLIMOLES? 100 

DATA FORMAT: L=TABLEs 2=GRAPH? 2 


¥ 





MIN. MILLIMOLES ACETIC ACID PRODUCED 

0 j 2 
oe ee ee ee ee ee SO ee ee Se es Cw eS OS St Poe ee ee 
O I* 0 
el | 
°2 
oe 03 
3 4 
eS 
Get 
a 
0 
09 

1 
THE REACTION HAS RUN TO COMPLETION 


* 027 


ee ee ee 
* 
ry 
e 
WwW 
to 


ro 
* 
ft 


CONCENTRATION OF INHIBITION KEMAINING: 100 MILLIMOLES 
ANOTHER EXPERIMENT? C1l=YESs O=NO)? 1 
BEA 2 Ae A 2 Ae Ee 2 A 2 A A A A 2 2 I A ER OR A OR IR A I 


AMOUNT OF ACETYLCHOLINE - FROM VU TO 3 MILLIMOLES? 2 
TYPE OF INHIBITOR - USE CODE FROM UO TO 5? 4 
“AMOUNT OF INHIBITOR IN MILLIMOLES? 100 

DATA FORMAT: 1=TABLEs 2=GRAPH? 2 








MINe MILLIMOLES ACETIC ACID PRODUCED 
0 l | 2 
kw 6k 6 664 £66661 6 OO OES SO OE 6 0 681 OO 8S COL ee +e ll ae | 
8) Ix O 
ae I* O 
y= I1* O \ 
«3 I* J 
e4 ix QO 
°5 I*x -Ol 
- 6 I * eQ] 
ef 1x «OQ 1 
0 & I* eO] 
c oY I*® eVl 
1 I*x -O]l 
lel I* oO] 
162 I* O01 
l1e3 I* eO}] 
' 2e4 1* Oi 
12-5 I* 202 A 
; 1-6 I* eV2 
es le7 I* eV2 
9 1-6 Ix 202 
ae 1-9 I * eVU2S 
| 2 I * e002 


DO YOU WANT TO CONTINUE THE ASSAY? (1=YES» O=NO)? O 





CONCENTRATION OF INHIBITIOR REMAINING: 100 MILLIMOLES 


8 





ECO OI RA OI I I a I aK i a 2k ak ak ak ak ak ak a ok 2k ok 


AMOUNT OF ACETYLCHOLINE - FROM O TO 3 MILLIMOLES? e2 
TYPE OF INHIBITOX - USE CODE FROM UO TO 5? 5 

AMOUNT OF INHIBITORX IN MILLIMOLES? 100 

DATA FORMAT: 1=TABLEs 2=GRAPH? 2 


MIN e | MILLIMOLES ACETIC ACID PKODUCED 
UO 1 es 
igo te sie ce 6 SSeS See ee SS eee SS ee See Se tS Se Pee eS See eS i 

O I* O 

ne eee * ell 

ta * e2l 

e3 | * e3l 

04 I * e4 

05 I * »e4Y 

«6 | * «56 

7 I * e 66 

0S I * ee J4 

9 | * eS2 

l I * 0 SY 

lel I * ee Y6 

isa f * 1203 

ke.3. 3 * 1209 

<4] * Leld5 

1-5 | * 1.221 

1-6 I * 1e26 

ee Bee * 1e3l 

1-6 I * 136 

1-9 I * 124 

2 I * 1245 

DO YOU WANT TO CONTINUE THE ASSAY? C1=YESs VU=NO)? 1 

ani 4 3 * 1.248 

2ec Il * 1252 

Eee et * 14256 

2e4 1 * 125Y 
2e5 1 * 1.62 
2e6 I * 1265 
eet i * 1267. 
20h I x 1e7 
2e9 I * 1Le7F2 
3 i * 1274 


bO YOU WANT TO CONTINUE THE ASSAY? (1=YESs U=NO)? 0 
CONCENTRATION OF INHIBITIOR KEMAINING: 100 MILLIMOLES 


ANOTHER EXPERIMENT? (1=YESs 0=NO)? 0 








M4 





. 








IV. THE LOCKEY MODEL 


The program LOCKEY is based both on a fundamental theory of enzyme 


action (the Michaelis-Menten equation) and a set of actual data from the 


hydrolytic enzyme acetylcholinesterase. 
The choice of acetylcholinesterase was fortunate for several reasons: 


1) Being hydrolytic, it is similar to the digestive enzymes, 
but its behavior is far simpler. 


2) A great amount of study has been made of this enzyme, so 
most of the measurements needed were available. 


3) Acetylcholinesterase obeys the above theory over the ranges 
of substrate concentrations used in the program. 


LOCKEY assumes the following interactions are taking place within 
the experimental test tube: 


E+s = [cc] ———> E+P (1) 
+2 eI (2) 
where E=enzyme 


S=substrate (acetylcholine) 

[CC]=catalytic complex (enzyme + acetylcholine undergoing catalysis) 
=products (acetic acid and oe 

I=inhibitor chemical 

EIl=the combination of enzyme ne inhibitor. 


The essential meaning of these two equations, if you feel it necessary for 
your students to know them, is that the enzyme can combine with the natural 
substrate (as in Eqn. 1) or with the inhibitor chemical (as in Eqn. 2) but 
not with both. So it is said that the substrate and the inhibitor are in 
competition for the enzyme. 


If the inhibitor is a good competitor, only small amounts of substrate 
will be able to react with the enzyme, so small amounts of product will be 
produced. Or in other words, the better the inhibitor the less product that 
will be produced in a ves time. 


Using the lock and key theory we assume that the best inhibitor will 
be the one that has the closest resemblance to the natural substrate. 


10 


Assumptions 





1. Products of the reaction are immediately used so that there is no 
measurable back reaction (this assumption is always necessary for the use 
of Michaelis-Menten enzyme kinetics). 


2. Steady state concentrations are maintained throughout the reaction 
(another necessary assumption). 


3. pH is held.constant at 7.0 and temperature at 25°C. (Traditional 
laboratory conditions for the study of this enzyme.) 


4 


4, Enzyme concentration is approximately 107 & and total amount of 
enzyme is a constant. (The approximate value is necessary because the 





actual weight of the enzyme has not yet been reliably determined. ) ? 
Variable Designation : Program Symbol 
V Moles product produced/minute. V1 
Yaad Maximal rate of product production at a given 
enzyme concentration & infinite substrate M 
concentration. 
[Ss] Concentration of substrate (molar). Sl 
Kn Michaelis Constant; varies according to nature 
of substrate and enzyme being used. Kl 
[I] Molar concentration of inhibitor. I 
Ky Binding constant of inhibitor to enzyme. 
Actually equal to K2 
Ka. w E TS) 
diss [ET] 


Varies with the type of inhibitor used. 


Equations Used 


Ww 


~ ee Wi = (CSD 
[S] + Ky een | (S14K) 
Ky 
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PROGRAM LISTING 


REM 
PRINT 
PRINT 
PRINT 
PRINT 
INPUT 


Special Language Feature: RESTORE 


-LOCKEY - STUDY OF COMPETITIVE INHIBITION OF THE ENZYME 

ACETYLCHOLINESTERASE FOR APPLICATION TO LOCK AND KEY MODEL 
COPYRIGHT 1971 
PROGRAM DEVELOPED BY Je 
PROGRAMMED BY De 
LATEST REVISION 8-25-72 


- STATE UNIVERSITY OF NEW YORK 
FRIEDLAND AND Be ROSEN 
SOBIN AND Je FRIEDLAND 8/771 


“"LOCKEY=- A COMPETITIVE INHIBITION STUDY OF THE ENZYME" 
“ACETYLCHOLINESTERASE FEATURING THE LOCK AND KEY HYPOTHESIS" 


“DO YOU WISH INSTRUCTIONS? C1=YESs» 
Q 


B=NO)"'S 


IF Q=@ THEN 614 


IF Q<>i THEN 1990 


PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
REM 


" ACETYLCHOLINESTERASE. 


** YOU ARE CONDUCTING AN INVESTIGATION OF THE ENZYME" 
FROM THE NAME YOU CAN TELL” 

" THAT THIS ENZYME WORKS ON THE CHEMICAL ACETYLCHOLINE.” 
* IT BREAKS ACETYLCHOLINE INTO ACETIC ACID AND CHOLINE.” 


" WE WANT TO INVESTIGATE WHICH INHIBITOR IS THE MOST" 
" EFFECTIVE IN SLOWING THE NORMAL ACTION OF THE ENZYME." 
* THIS WILL GIVE US VALUABLE INFORMATION ON ITS ACTION-” 


= THE CODE FOR THE INHIBITORS [Ss* 

1= AMMONIUM" 

be | = DIMETHYLAMINE BE SURE TO CONSULT* 

“ = METHYLAMINE THE IMPORTANT STRUCTURAL" 
2 = PROSTIGMINE FORMULAE LISTED IN THE" 

ste = TRIMETHYLAMINE INFORMATION PACKET” 

= @= NO INHIBITOR” 

" IN THIS STUDY YOU CAN CONTROL:" 

se: THE AMOUNT OF ACETYLCHOLINE” 

de THE TYPE OF INHIBITOR" 


rs AND THE AMOUNT OF INHIBITOR" 


“BY COMPARING THE STRUCTURE OF ACETYLCHOLINE WITH" 
“THE STRUCTURE OF THE FIVE INHIBITORS YOU SHOULD" 
"BE ABLE TO MAKE A HYPOTHESIS AS TO WHICH OF THE " 
“FIVE INHIBITORS WILL BE THE MOST EFFECTIVE" 


REMEMBER: INCLUDE YOUR KNOWLEDGE OF THE" 
* LOCK AND KEY MODEL OF ENZYME ACTION." 


Si=AMOUNT OF SUBSTRATE 


REM P1=AMOUNT OF PRODUCT AT TIME Ti 
REM V=VELOCITY OF REACTION IN MILLIMOLES/-9@2 MIN 


REM 


M=MAX VELOCITY AT GIVEN ENZYME CONCENTRATION 


REM K1=MECHAELIS“MENTEN CONSTANT 


REM Ke=BINDING CONSTANT OF INHIBITIOR 
REM I=CONCENTRATION OF INHIBITOR 
LET N=1 


12 : 


620 PRINT | 
634 READ TsPisCoK1lsMsXsV 

| 649 DATA 3ssG»9E-Ss 3E-35 190G5G 

‘ 654 PRINT THESE ESSEC SASSER OHSAS CEI ATTRA A I AAA A AIRE 
669 LET T1=G 
670 PRINT 
680 PRINT "AMOUNT OF ACETYLCHOLINE - FROM 9 TO 3 MILLIMOLES"S 
690 INPUT S1 
700 IF Si>3 THEN 680 
716 IF S1<9 THEN 686 
720 IF S$1>@ THEN 750 
730 PRINT "NO REACTION IS POSSIBLE WITHOUT SUBSTRATE" ‘ 
740 GOTO 1479 | 
750 LET $1=S1/1990 
769 LET S2=S1 
770 PRINT “TYPE OF INHIBITOR - USE CODE FROM @ TO S"3 a 
789 INPUT K2 
790 IF K2<>INTCK2) THEN 776 
800 IF K2>5 THEN 772 
819 IF K2<@ THEN 776 
820 IF K2=0 THEN 10690 
838 IF K2@<4 THEN910 
84G IF K@=4 THEN 880 
856 REM CODE 5= TRIMETHYLAMINE 
866 LET K2=2.6E-3 
878 GOTO 1019 
886 REM CODE 4= PROSTIGMINE 
890 LET K2=1.6E-5 = 
968 GOTO 19190 J 
910 IF K2>=2 THEN 950 ? - 
926 REM CODE 1 = NH3 | | 
930 LET K2=.9 
949 GOTO 1914 
959 IF K2=2 THEN 990 ~ 
960 REM CODE 3= METHYLAMINE 
979 LET K2=.12 
989 GOTO 1010 
999 REM CODE 2= DIMETHYLAMINE 
1009 LET K2=2.1E-2 
1919 PRINT "AMOUNT OF INHIBITOR IN MILLIMOLES"3 
1920 INPUT I 
1930 LET I=1/71900 | | 
1949 IF I<@ THEN 1019 ee 
1650 IF I<>@ THEN 1980 
1060 LET Ke=1 | 
1979 LET I=6 | = 
1980 LET K=K1+(K1*I/K2) ; 
1999 PRINT "DATA FORMAT: 1=TABLEs 2=GRAPH"S3 
1109 IF N<>1 THEN 1120 
1110 PRINT " TYPE NUMBER OF CHOICE": 
1120 INPUT Q 
1130 IF (Q-1)*(Q-2)<>9 THEN 1999. 
1140 IF Q=1 THEN 1299 | 7 | | 
1150 GOTO 1639 | | fe | | > 
1169 IF Q=2 THEN 1670 | ee aes ee 


117% GOTO 1349 
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1189 
119¢ 
1259 
1219 
1229 
1239 
1246 
1259 
1268 
1276 
1286 
1299 
1300 
1310 
1329 
1339 
1340 


1359. 


1360 
1370 
1380 
1390 
1490 
1410 
1426 
1430 
1449 
i450 
1469 
1479 
1486 
1496 
1599 
1510 
1520 
1530 
1540 
1550 
156 
1570 
1589 
1599 
1690 
161 
1620 
1636 
1649 
1650 
1655 
1662 
1678 
1675 
1689 
1690 
1720 


IF Ti=X THEN 1399 

FOR T=Tit+1 TO T1+59 

REM FOLLOWING EQN EQUIV. TO V=M*S/S4#K1¢€1+I/K2) = M=-M EQN 
LET Vi=(M*S1)/¢€S1+K) 

LET V=(V+V1)/100@ 
LET S1=Si-V 
LET P1l=P14+V 
LET V=V1 

NEXT T 

LET Ti=T1+590 
GOTO 11690 
PRINT 

PRINT 
PRINT'MINUTES 
PRINT" ELAPSED 
PRIN Mo s9 e= 
PRINT C€T1)/5005 INTCS1*19015+65)/19%s INTC P1*10154+-5)/109 

IF INTCS1*1015+-25)/109<=9 THEN 1370 

GOTO 1189 

PRINT ™" THE REACTION HAS RUN TO COMPLETION" 

GOTO 1450 | 

PRINT "DO YOU WANT TO CONTINUE THE ASSAY? C1=YESs» @=NO)"S 
INPUT Qe | 

IF Q2=9 THEN 14590 

IF Q2<>1 THEN 1390 

LET X=X+5@9 _ 

GOTO 1190 

PRINT 

PRINT “CONCENTRATION OF INHIBITIOR REMAINING: "I*10005"MILLIMOLES"™ 
PRINT ! 

PRINT "ANOTHER EXPERIMENT? C1=YES» @=NO0)"'S 

INPUT @ 

IF Q=1 THEN 1600 

IF Q<>9 THEN 146¢ 

PRINT 

PRINT 

PRINT 

PRINT 

PRINT 

PRINT 

PRINT 

STOP 

RESTORE 

LET N=N+1 

GOTO 624 ? 

PRINT 

PRINT'MINe MILLIMOLES ACETIC ACID PRODUCED" 

PRINT TABC6)3"O"S TABC30)3 INTCS2*18t3+-99)/25 TAB(C55) 5 
PRINTINTCS2*161t 3+-299) 

PRINT ” Tocccleococcleccclecceleseeolecceleccelecceolecceleseel” 
PRINT ¢€T1)/5003 TABC5)5"1I"3 TABCP1*19t 3/INTCS2*10134+099)*55+605)3 
PRINT***"*5 

PRINT INTCP1#1915+-5)/1090 

GOTO 13590 

END 


ACETYLCHOLINE 
REMAINING 


TOTAL ACETIC" 
ACID PRODUCED" 
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VI. STUDENT PROJECTS USING LOCKEY 


1. Determination of the I5o. 


The I59 is used by biochemists as a first quantitative approximation 
to the strength of an inhibitor. As such, it is rather easy to obtain and 
is suitable for a first student independent project, after completion of 
the program LOCKEY in class. 


The class treatment of LOCKEY was essentially a qualitative determin- 
ation of relative inhibitor strength. From this experiment the student 
determined the order of strength of the various inhibitors he tested. But 
the question might arise: How does inhibitor #5 in our investigation compare 
to compound X, which we did not test? With only qualitative determinations 
we may have to repeat all or some of our previous experiments each time 
such a question arises. 


The use of the Ing can overcome this objection. I is literally the 
amount of inhibitor that causes 50% inhibition of the enzyme activity. This 
measure can be found for all the inhibitors. Clearly the best inhibitor 
will be the one with the lowest measured Ico. 


Object - Experimentally determine the Is5g for each of the inhibitors. 


Suggested Technique - The following is not the only proper approach, but 
it has been trial-tested with LOCKEY with good success. Creative students 
should be encouraged to try other techniques with the proviso that good 
written notes be taken. 


a. Normal activity determination - Normal activity under experimental 
conditions will be determined from a control run with no inhibitor used. Any 
amount of acetylcholine can be used, but once selected must be held constant 
throughout the rest of the investigation. Determination of activity can 
be made either from graph or table data. 


Enzyme activity can be defined in many ways; we will use the 
following: 


i. Activity = millimoles of product produced per minute = P/min. 
This can be figured by either reading the value for the graph or table or 
by using simple math. Just reading the product value at 1 minute has a 
real disadvantage. As you may have noticed, the reaction slows down as it 
progresses. We can eliminate this slowing effect due to low levels of 
acetylcholine by using the following simple equation to figure activity: 


ii. Activity = amount of product in first 1/10th minute x 10.) 


b. Figuring the value of the I5g - From (ii) above we should know 
the normal activity of the enzyme under these experimental conditions. We 


want to determine the amount of each inhibitor that will cut the activity 


5 ee 
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to 50% of its normal value: 


iii. activity with inhibitor present = normal activity/2. 


c. Experiments with the inhibitors - Investigate one inhibitor at 


a time to find out the amount (in millimoles) of inhibitor that is necessary 
to reduce enzyme activity to one half its normal value. 


Remember to use the same amount of acetylcholine as you used in 
the control and to figure the activity after each experiment in the same 
fashion as you did with the control. 


(Note: This project may take large amounts of computer time, and therefore 
is usually unsuitable for a laboratory for a whole class. Time may be cut 
by investigating one or a few inhibitors instead of all five. But even 
with this revision, it is felt that this is only suitable for an individual 
or small group project.) 


2. Advanced activity determination of I59. 


In the previous experiment, we used a simple formula to determine 
activity. In this experiment we examine only the first .1 minute and then 
multiply the result to find the product for one minute. In reality scientists 
measure activities using much shorter time periods than .1l minute, because 
even at .1l minute the reaction has often slowed due to the lowering of the 
acetylcholine level. 

To get more accurate results there are two possible approaches: 

a. More accurate equipment for shorter time measurements. This 
can be simulated by making the changes indicated in the following lines 
of the program: 

Change 1190 FOR T=T1+1 TO T1+50 
to FOR T=T1+1 TO T1+10 
1270 LET T1=T1+50 
to LET T1=T1+10 
1430 LET X=X+500 
to LET X=X+100 
In line 640 change the number 1000 to 100. 


This approach is the more expensive of the two, so it is not often the 
method of choice. 


b. Graphical method - Drawing an estimated tangent to the curve, 


as near as possible to the origin, 1S often found to be a satisfactory 
technique. To get this technique to work, obtain data as a table and plot 
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b. Graphical method - drawing an estimated tangent to the curve, 
as near as possible to the origin, is often found to be a satisfactory 
technique. To get this technique to work, obtain data as a table and 
plot the data yourself (the computer plot is not accurate enough). Draw 
your tangents as below. By extending the tangent to 1 minute on the 
graph, you can read the activity directly: 


ath a ee 
Activity _ Ji 
(Millimoles /. | 
jin) ex wees ba | 
By | 
2. Z 
NG Ilimoles / | 
7 
/ | 
Z . 
4 
Vi, | 


ye 
(> 


Minutes 


Graph 3.1. The graphical method. 
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3 Investigation of how activity varies with initial 
acetylcholine concentration. 


Since this investigation is not concerned with inhibition or with the 
inhibitors, all experiments will use CODE 0 (ZERO) on the question TYPE 
OF INHIBITOR: 





We will vary the amount of substrate in each of the experiments. All 
other factors will be kept constant. 


Procedure: 
1. Output data of each experiment in table format. 
2. Graph each experiment separately on fine line graph paper, 
as amount of product vs. time (see previous experiment). 
3. Figure the activity graphically as in the previous experiment. 
4. Compose a data table in the following format from all of the 
activity determinations (Step 3): 


é 


Millimoles Activity Per 
Acetylcholine Minutes (millimoles/min. ) 


5. Plot the data with activity on the vertical axis and substrate 
on the horizontal axis. 


(It may be necessary to make the indicated changes in lines 4190, 1270, 1436, 
and 640 of the program. [See (a) of project 2 above. ]) 


4. The Lineweaver-Burke plot of activity versus substrate. 


Follow the same general approach as above, but plot 1/activity versus 
1/acetylcholine concentration. The graph should be a straight line. 





These are only a few of the possible variations of LOCKEY for individual 
project work. A glance at the enzyme kinetics section in any introductory 
biochemistry text will suggest still other experiments. Generally if the 
experiment involves activity, inhibitors or substrate concentrations, it may 
be modeled using LOCKEY with minimum modification of inputs or data formats. 
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